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Abstract 
Apart from using fire retardant materials, fire detection and alarm system could be another effective way to improve overall 
fire safety level of rail vehicles. And this has been suggested by the latest European Standard. However, in China, such 
application has not been well studied or standardized yet. Therefore, in this paper, by a study into major foreign standards 
and relating literatures, the author summarizes some major considerations for standardization of using fire detector in rail 
vehicles. And some suggestions as well as future work are proposed for establishing such standard in China. 
© 2012 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
In the past, the focus of fire prevention of rail vehicles was concentrate on using materials that hardly developed smoke 
or ignition. Nowadays, with the growing demand in fire safety and updating of fire regulations, more and more technologies 
are applied in rail vehicles to improve their overall capability of preventing fire. Among those technologies, the fire 
detection and alarm shows great potential to achieve above goal, and has become another focus of research in recent years. 
 As one of major transportation mode in China, the railway vehicles take the important task of carrying people and 
commodities safely. Currently, more and more railways and urban rail traffic is going to be built in China. The demand in 
safety and fire prevention is growing, too. Now, china’s system of national standards for fire prevention of rail vehicles 
consists of following standards:  
(1) TB/T 3138-2006 Technical specification of flame retardant materials for railway locomotive and vehicle; 
(2) TB/T 3237-2010 Flame retardant technical specification of decorating materials for multiple unit train; 
(3) TB/T 2639 Test methods for fire retardant materials for railway vehicles; 
(4) TB/T 2640-1995 Design for fire protection of railway vehicles. 
    Most of above standards concentrate on the use of fire retardant materials, and none of them mentions the use of fire 
detection or fire alarm devices. Thus, in this paper, the author reviewed major foreign standards and relating literatures to 
summarize the necessary issues and special considerations for establishing such standards in China. 
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2. Review of standards and literatures 
Actually, the use of fire detection and alarm system has been described in many standards for a long time. And many 
countries have established their own standards about this, especially the European countries. 
In German norm DIN 5510-6:1988, it is specified that  fire alarms which are independent of overhead power and which 
report to the driver are required on fire protection class 4 vehicles. [1] 
The British standard BS6853:1999 recommends the use of fire detection system at ‘present an increased risk’ locations, 
such as in sleeping vehicles and automatic unmanned vehicles. This standard also concerns the effects of air condition and 
ventilation system on fire detection, and suggests using fire detectors within the air conditioning or ventilation ducting. 
Besides the location of fire detectors, this standard mentions another issue of using fire detectors in rail vehicles, the 
response to detection. And It is specified as follows: “on detection of a fire, an audible alarm sounds in all areas of the 
affected vehicle and a signal is sent to warn the responsible crew or staff member. The system should also activate the 
mechanisms which inhibit or control the movement of smoke within the vehicle and through the ventilation or air 
conditioning ducting as well”. [2] 
NF F16-103 and UIC 564-2 are other two standards adopted by European countries relating to fire detection systems in 
rail vehicles. They have similar requirements that heat detectors must be installed in any compartment within a thermal 
engine.[3,4] 
In 1993 to 1994, R. D. Peacock et al [5] of NIST reviewed worldwide approaches and concepts for the fire safety of 
passenger trains at that time. In their work, they reviewed all standards having provisions for fire detectors used in train, 
analyzed what types of detectors shall be used in different areas of train, and concluded the findings that diesel locomotives 
should be provided with automatic fire detection and suppression systems within the engine department. At that time, in 
NFPA 130 Fixed guideway transit and passenger rail systems, the used of fire detectors was not mentioned. But now, in the 
2010 edition of NFPA 130, it is required that the battery installation area shall be provided with a fire alarm system for heat 
and smoke detection [6].  
In about 1997, the European Committee for Standardization started to establish uniform European norm for fire 
prevention of rail vehicles, the fire detection and alarm was incorporated in part 6 of the set of standards, EN 45545-6 Fire 
protection of railway vehicles, part 6: fire control and management systems. Although this standard has not been published 
yet, a draft document DD CENT/TS 45545-6:1999 shows that this future European norm proposes a relatively sound plan 
for use of fire detectors in rail vehicles. In this standard, there are 13 different areas or equipment compartments may need 
the protection of fire detectors, depending on the design category and operation category of vehicle. It also proposes a 
principle in choosing detector type that ‘fire detection systems shall be functionally suitable for the expected fire products, 
e.g. flames, smoke, heat’. And for the response to detection of fire, prescriptive requirements are provided in the document. 
But detailed methods for selecting detectors and provisions for verifying functionality of fire detectors have not been 
provided. [7, 8] 
In 2007, the TÜV North and South with fire protection companies designed an ARGE directive Fire Prevention in 
Rolling Stock – Procedure of the proof of function concerning the placement of fire detectors in rooms accessible to people, 
electric control cabinets and areas of combustion engines. This directive describes the functional testing and fire alarm 
system for the determination of the response time of the fire detector at the installation location for variables such as, smoke 
– heat – radiation, assuming possible fire events in rolling stock. Then in August 2008, a real fire tests was carried out in a 
Metro Train according to this ARGE directive. The trial tested the response behaviour of the fire detection system installed 
in the passenger carriage. [9, 10] 
3. Summary of requirements 
In those reviewed standards, four major issues are described: the location of detectors, type of detectors, response to 
detection and verification of functionality. However, no standard gives full answers to them. So the requirements for using 
fire detector in rail vehicles are summarized and analyzed in respect with those four issues in this part.   
3.1. Location of detectors 
The draft of future European norm DD CEN/TS 45545-6 provides the most comprehensive requirements for installation 
locations of fire detectors, as shown in Table 1.  
Table 1. Installation location of fire detectors (revised from table 1. in CEN/TS 45545-6-2009) 
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       1  1 1 1 
  2     2 2 2 2 2 
3  3    3 3 3 3 3 3 
Double decked 
vehicles 
all other standard 
vehicles 
4  4 4 4  4 4 4 4 4 4 
1 1 1 1 1 1 1 1 1 1 1 1 
2 2 2 2 2 2 2 2 2 2 2 2 
3 3 3 3 3 3 3 3 3 3 3 3 
Sleeping and 
couchette 
vehicles 
Double decked 
sleeping vehicles 4 4 4 4 4 4 4 4 4 4 4 4 
       1 1 1 1 1 
  2     2 2 2 2 2 
3  3   3 3 3 3 3 3 3 
Automatic 
vehicle (no 
emergency 
trained staff) 
4  4 4 4 4 4 4 4 4 4 4 
*Figures in table refer to operation category 
 
The installation location of fire detectors involves idetifying fire risks for different areas of vehicle and the classification 
of vehicles. In this standard, 13 different areas or equipment are identified to be protected by fire detectors, and for different 
design cetegory and operation category of vehicles, part or all of the 13 areas shall be installed with fire detectors. 
In general, for areas of combustion engine, electric traction equipment, engine compartment and luggage compartment, 
fire detectors shall be installed, no matter what design category or operation category the vehicle is. All areas on sleeping 
and couchette vehicles shall be installed with fire detectors. For all operation category 4 vehicles, all areas shall be installed 
with fire detectors, except the technical compartment in double decked vehicles and other standard vehicles. 
3.2. Types of detector 
The principle in selecting detector type is similar in all standards and literatures. The type of detectors used must match 
the combustion materials present and environmental where they are installed.  
In general, heat detectors are suitable for installation in a harsh environment such as the underside of a railroad car or an 
engine compartment. Smoke detectors are faster to response but cannot be applied within harsh environments. They are 
suited for passenger areas such as sleeping cars of trains, or conditioned spaces. If rapid reaction is needed in a harsh 
environment, optical flame detectors could be employed. Ultraviolet detectors are especially sensitive to electrical arcs and 
cannot be utilized around electrical equipment. Infrared sensors will react to hot surfaces and often use a “flicker” sensor to 
react to the flickering frequencies of flames (5-30Hz). [5] 
3.3. Response to detection 
The response to detection of fire in rail vehicles is similar with  those in buildings. Once a fire is detected in rail vehicles, 
at least an automatic alarm shall be initiated in certain areas, such as passenger areas in vicinity of fire, sleeping 
compartment, driver’s cabin or control center. The alarm could be local or remote, and must be audible and visible. On 
response to the alarm, some further measures will be taken place manually or automatically, including activation of fire 
control and suppression system, evacuation system or shut down of electrical switch. But on a moving train, the activation 
of braking system shall be involved in response to detection.  
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3.4. Function verification 
Function verification is incorporated in european norm EN 45545-6. But in its draft document DD CEN/TS 45545-6, 
only some considerations for function verification of fire detectors is recommeded: the origin of fire, size of fire, material 
involved in fire, nature of detector and air flow, no specific requirement or method is provided.  
In ARGE directive, the whole train is divided into two types of areas, the passenger and staff areas, and the technical 
areas (such as control cabinet). Each type of area is provided with detailed verification methods and function requirements. 
Generally, the verification test shall be made for all air circulation situations when the stock in rolling.  
3.4.1. Passenger and staff area 
In passenger and staff areas, the ignition could be happen at any location of the interior space of the vehicle, thus, the test 
equipment and thermal lift of test smoke should be concentrate at following points:  
• That are most unfavorable for the quick detection of fire; 
• Permit hidden ignition; 
• Can be used for storage of large items of travel luggage. 
The detection system in this area must respond within 1 minute after the beginning of smoke release under all possible 
conditions of service. 
3.4.2. Technical area 
In technical areas (such as control cabinet), the potential fire risks need to be identified, such as, the switching type 
electrical assemblies of higher output or assemblies which involve hot surfaces if a defect occur. Thus, the test smoke 
should be located at following points: 
• The risk-prone assembly is most unfavorable for a quick detection of fire; 
• The air volume for heat removal is lowest at the risk-prone assembly; 
• Permanently hot surfaces can result due to liquid fire loads in case of detect (e.g., relates to diesel engine compartments). 
The detection system in equipment areas must respond within 2 minutes after the beginning of smoke release under all 
possible conditions of service. 
4. Conclusion and future work 
In general, the critical task for fire detection in rail vehicles is to identify all possible fire risks and to arrange appropriate 
detectors to prevent those risks. Compare to traditional systems in buildings, the use of fire detection and alarm system in 
rail vehicles has some special considerations: such as the fire risks and their areas need to be identified, by which the 
location and type of detector will be decided; in a moving train the reponse to detection of fire may involve the activation of 
braking system; and the air circulation and ventilation situation has substantial influence on fire detection in train. 
Fortunately, those standards prensented in this paper have provided lots of valuable information. And the four issues 
summaried in this paper could be helpful in standardization of such application in China.  
However, since the different situation in China, not all provisions available is suitable for China, thus more tests shall be 
conducted under rail vehicles conditions to decide specific parameters, especially those in function verification. Moreover, 
since the fire detectors used in rail vehicles ought to experience unusual viberation and shock, the environmental test in a 
product standard also need to be studied and revised to fully match the real condition of a fire detector in rail vehicle.     
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